Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 07-223893 
(43)Date of publication of application : 22.08.1995 



(51)lnt.CI. 



C30B 15/00 
C30B 15/20 
C30B 29/06 
C30B 29/06 
// H01L 21/208 



(21)Application number 


06-017674 


(71)Applicant 


: NIPPON STEEL CORP 








Nil IblSU DENSHI KK 


(22)Date of filing : 


14.02.1994 


(72) Inventor : 


HASEBE MAS AM I 








KAN DA IS AO 








TAKAO SHIGEYOSHI 








IWASAKI TOSHIO 








TSUMORI YASUO 








NAKASHIZU TSUNEO 








OKUBO MASAMICHI 



(54) SEMICONDUCTOR SINGLE CRYSTAL AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To improve the crystal growth rate and 
withstand voltage characteristics of an oxide film by 
providing special cooling conditions in a process for 
producing a silicon single crystal in a Czochralski 
process (hereinafter refferred to as the CZ process). 
CONSTITUTION: This method for producing a 
semiconductor single crystal is to form a region so as 
to provide <1.0°C/min cooling rate in a crystal 
temperature zone at 1 200-1 000°C, enhance the 
cooling ability to >1.0°C /min in the crystal 
temperature zone at >1200°C, add the usual cooling 
at >1.0°C /min cooling rate into the crystal 
temperature zone at 1000-500°C and pull up and 
grow the single crystal in a crystal pulling up furnace 
1 housing a crucible 6 composed of a quartz crucible (6a) containing a silicon melt (M) and 
a graphite crucible (6b) protecting the quartz crucible (6a) and a grown silicon single 
crystal ingot (S). The resultant silicon single crystal is excellent in withstand voltage 
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characteristics of an insulating oxide film measured by mounting metallic oxide 
semiconductor (MOS) diodes, respectively provided with a two-layer gate electrode, 
having 20mm2 area and composed of an upper layer aluminum and a lower layer of a 
doped polycrystalline silicon on the whole surface of a silicon wafer cut out of the produced 
silicon single crystal and applying a DC voltage thereto according to a voltage ramping 
method. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon single crystal characterized by carrying out 
crystal raising growth on the conditions which can do the field where a cooling rate becomes the 
following by 1.0-degree-C/within the crystal temperature of 1200 degrees C - 1000 degrees C in the 
process in which a silicon single crystal is manufactured with the Czochrlski method. 
[Claim 2] The manufacture approach of the silicon single crystal according to claim 1 characterized 
by adding heightening refrigeration capacity so that a crystal cooling rate may always become the 
above by 1.0-degree-C/in a crystal temperature region 1200 degrees C or more, pulling up, and 
growing up. 

[Claim 3] The manufacture approach of the silicon single crystal according to claim 1 characterized 
by adding that a cooling rate always cools above by 1.0-degree-C/, pulling up, and growing up in a 
crystal temperature region 1000 to 500 degrees C or more. [ or less ] 

[Claim 4] heightening refrigeration capacity so that a crystal cooling rate may always become the 
above by 1.0-degree-C/in a crystal temperature region 1200 degrees C or more — in addition, the 
manufacture approach of a silicon single crystal according to claim 1 that a crystal temperature 
region 1000 more to 500 degrees C or more is characterized by always cooling, pulling up and 
growing up above by cooling rate/of 1.0 degrees C. [ or less ] 

[Claim 5] It is the silicon single crystal manufactured by the approach according to claim 1 to 4. 
Area 20mm2 which the upper layer becomes from the polycrystalline silicon with which aluminum 
and a lower layer were doped It has a two-layer gate electrode. It mounts all over the silicon wafer 
top which cut down the MOS diode whose insulating oxide-film thickness is 25.0nm from the silicon 
single crystal concerned. [ when the polar direct current voltage into which a majority carrier is 
poured from substrate silicon is impressed to each MOS diode and the electrical-potential-difference 
run ping method estimates the withstand voltage property of the insulating oxide film of said wafer ] 
The current density which flows through an oxide film is 1 micro A/cm2. Silicon single crystal which 
was excellent in the withstand voltage property of the insulating oxide film characterized by the 
percentage to the total of the number of the MOS diode which the average electric field concerning 
this oxide film at the time show 8.0 or more MV/cm being 40% or more per one wafer. 
[Claim 6] It is the silicon single crystal manufactured by the approach according to claim 1 to 4. 
Area 20mm2 which the upper layer becomes from the polycrystalline silicon with which aluminum 
and a lower layer were doped It has a two-layer gate electrode. It mounts all over the silicon wafer 
top which cut down the MOS diode whose insulating oxide-film thickness is 25.0nm from the silicon 
single crystal concerned. [ when the polar direct current voltage into which a majority carrier is 
poured from substrate silicon is impressed to each MOS diode and the electrical-potential-difference 
run ping method estimates the withstand voltage property of the insulating oxide film of said wafer ] 
The current density which flows through an oxide film is lmicroA/cm2. Silicon single crystal which 
was excellent in the withstand voltage property of the insulating oxide film characterized by the 
percentage to the total of the number of the MOS diode which the average electric field concerning 
this oxide film at the time show 8.0 or more MV/cm being 50% or more per one wafer. 
[Claim 7] It is the silicon single crystal manufactured by the approach according to claim 1 to 4. 
Area 20mm2 which the upper layer becomes from the polycrystalline silicon with which aluminum 
and a lower layer were doped It has a two-layer gate electrode. It mounts all over the silicon wafer 
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top which cut down the MOS diode whose insulating oxide-film thickness is 25.0nm from the silicon 
single crystal concerned. [ when the polar direct current voltage into which a majority carrier is 
poured from substrate silicon is impressed to each MOS diode and the electrical-potential-difference 
run ping method estimates the withstand voltage property of the insulating oxide film of said wafer ] 
The current density which flows through an oxide film is 1 micro A/cm2. The rate to the total of the 
number of the MOS diode which the average electric field concerning this oxide film at the time 
show 8.0 or more MV/cm Those with 50% or more per one wafer, The silicon single crystal which 
was excellent in the withstand voltage property of the insulating oxide film by which it is being [ the 
percentage of the MOS diode of 6.0 more or less MV/cm / less than 20% ] characterized. 
[Claim 8] It is the silicon single crystal manufactured by the approach according to claim 1 to 4. 
Area 20mm2 which the upper layer becomes from the polycrystalline silicon with which aluminum 
and a lower layer were doped It has a two-layer gate electrode. It mounts all over the silicon wafer 
top which cut down the MOS diode whose insulating oxide-film thickness is 25.0nm from the silicon 
single crystal concerned. [ when the polar direct current voltage into which a majority carrier is 
poured from substrate silicon is impressed to each MOS diode and the electrical-potential-difference 
run ping method estimates the withstand voltage property of the insulating oxide film of said wafer ] 
The current density which flows through an oxide film is 1 micro A/cm2. The rate to the total of the 
number of the MOS diode which the average electric field concerning this oxide film at the time 
show 8.0 or more MV/cm Those with 60% or more per one wafer, The silicon single crystal which 
was excellent in the withstand voltage property of the insulating oxide film by which it is being [ the 
percentage of the MOS diode of 6.0 more or less MV/cm / less than 20% ] characterized. 
[Claim 9] The silicon single crystal manufactured by the approach according to claim 1 to 4. 



[Translation- done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the silicon single crystal which was excellent in the 
withstand voltage property (henceforth, oxide-film proof pressure) of the insulating oxide film 
manufactured by the Czochrlski method (the following, CZ process), and its manufacture approach. 
[0002] 

[Description of the Prior Art] Since CZ silicon single crystal has the description which was [ be / 
crystal reinforcement / high ] excellent, it is widely used as an ingredient for LSI from before. 
However, it is known that oxide-film pressure-proofing of a silicon single crystal changes greatly 
with fundamental differences in the manufacture approach, and oxide-film pressure-proofing of CZ 
silicon single crystal is remarkably low compared with it of a wafer which carried out epitaxial 
growth of the silicon thin film on the silicon single crystal manufactured by the floating zone 
method, or CZ silicon wafer. However, the place where improvement in dependability of gate oxide 
is desired strongly came with increase of an MOS device degree of integration in recent years, and 
since oxide-film pressure-proofing was one of the important material properties which determines 
the dependability, importance was attached to manufacturing- technology development of CZ silicon 
single crystal which was excellent in the oxide-film proof-pressure property. 
[0003] The approach characterized by making the rate of crystal growth into the following by 
0.8mm/in the approach of manufacturing a silicon single crystal with a diameter of 100mm or more 
by the CZ process to JP,2-2671695,A, as the manufacture approach of CZ silicon single crystal 
which was excellent in oxide-film pressure-proofing is indicated. However, by this approach, since 
productivity was bad, it was not practical. 

[0004] Moreover, although the temperature almsgiving which performs slowly a 900 degrees C 
[ 1 100 degrees C to ] temperature reduction for the silicon single crystal currently raised over 3 
hours or more, and the approach of decreasing the oxygen sludge nucleus in a semiconductor device 
process, and controlling defective generating are shown by patent No. 1742752 The temperature to 
which this invention persons should cool slowly was 1200 degrees C to 1000 degrees C, and when 
the 1000 to 900 degrees C temperature field was annealed, it found out that a proof-pressure property 
deteriorated, so that it might mention later. Therefore, this invention persons found out that 
improvement in a proof-pressure property was attained for the first time by heightening the crystal 
refrigeration capacity of a crystal temperature field 1000 degrees C or less, after cooling slowly the 
1200 to 1000 degrees C crystal temperature field. 

[0005] Moreover, in JP,5-70283,A, in case a silicon single crystal is manufactured, raising 
conditions from which the temperature field where the crystal temperature of the silicon single 
crystal which grows becomes 1 150 degrees C or more becomes 280mm or more in the silicon melt 
upper part are proposed. Moreover, the method of establishing the temperature control device which 
limits a single crystal raising rate to a part for l.lmm/from a part for 0.8mm/for the purpose of 
raising a proof-pressure property while controlling generating of a stacking fault, and makes a single 
crystal cooling rate late further in JP,5-9096,A from this applicant is proposed. In the range from the 
silicon melt upper part, the field whose temperature of a crystal of this invention persons is 1 150 
degrees C or more found out the approach in which the improvement in a proof-pressure property is 
possible at least 280mm or less. Moreover, the improvement in a proof-pressure property of the 
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above is possible for a raising rate by 1.1mm/, without limiting a raising rate in this invention. 
[0006] Therefore, although the approach a crystal manufacture rate manufactured CZ silicon crystal 
in which the oxide-film proof-pressure property was excellent above by l.Omm/was needed, such 
[ conventionally ] a silicon single crystal manufacture approach did not exist. 
[0007] The withstand voltage property of an insulating oxide film has the two-layer gate electrode 
with which the upper layer consists of polycrystalline silicon with which aluminum and a lower layer 
were doped, and is 2 20mm of the electrode surface product. It mounts all over the silicon wafer top 
which cut down the MOS diode whose insulating oxide-film thickness is 25.0nm from the silicon 
single crystal concerned, the polar direct current voltage into which a majority carrier is poured from 
substrate silicon is impressed to each MOS diode, and it is estimated by the electrical-potential- 
difference run ping method. The current density which flows through an oxide film is 1 micro A/cm2. 
The average electric field concerning this oxide film at the time are the fields which show that the 
crystal defect which the field of 8.0 or more MV/cm is called [ crystal defect ] a Shinsei destructive 
field or a C mode field, and degrades a proof-pressure property during a crystal does not exist. 
Moreover, the current density to which the average electric field impressed to this oxide film flow 
[ from 1 .0 MV/cm ] through an oxide film by cm in 8.0MV /is 1 micro A/cm2. When reaching, it is 
the field which shows that the crystal defect which the electric-field field is called [ crystal defect ] 
an B mode field, and degrades a proof-pressure property during a silicon crystal exists. As for the 
conventional CZ silicon crystal, the percentage to the total of the number of the MOS diode which 
carries out dielectric breakdown in a C mode field is about 10 - 30% per one wafer, and the rate to 
the total of the number of the MOS diode which carries out dielectric breakdown in an B mode field 
also has them. [ many ] Therefore, the percentage to the total of the number of the MOS diode which 
carries out dielectric breakdown in a C mode field is 40% or more, and CZ silicon single crystal 
[ like ] with the high (for example, the diode destroyed by cm in 6.0MV /or less is less than 20%) 
minimum destructive electric-field value with the small or rate of the number of the MOS diode 
destroyed in an B mode field is a CZ silicon single crystal which was excellent in the oxide-film 
proof-pressure property. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention aims to let a crystal manufacture rate offer 
CZ silicon crystal which was excellent in the method of manufacturing CZ silicon crystal which was 
above excellent in the oxide-film proof-pressure property by 1.0mm/, and the oxide-film proof- 
pressure property. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this invention, 
crystal raising is performed by installing a temperature control function in the process in which a 
silicon single crystal is manufactured by (1) CZ process, on the conditions which can do the field 
where a cooling rate becomes the following by 1.0-degree-C/within the crystal temperature of 1200 
degrees C - 1000 degrees C in a crystal manufacture furnace. In order to raise a proof-pressure 
property furthermore, in the silicon single crystal manufacturing method (1) of (2) above-mentioned, 
by installing another temperature control function in right above [ melt ], a crystal cooling rate 
always cools a crystal above by 1.0-degree-C/in a crystal temperature region 1200 degrees C or more 
in a crystal manufacture furnace, and crystal raising growth is performed. Or in the silicon single 
crystal manufacturing method (1) of (3) above-mentioned, another temperature control function is 
prepared, a crystal temperature region 1000 to 500 degrees C or more always cools above by cooling 
rate/of 1.0 degrees C, and crystal raising growth is performed. [ or less ] In the crystal in the middle 
of the approach which combined (4) above-mentioned manufacturing-method [ silicon single 
crystal ] (1) - (3) in order to raise a proof-pressure property more sharply, i.e., raising growth A 
crystal temperature field 1200 degrees C or more always cools above by crystal cooling rate/of 1.0 
degrees C in a crystal manufacture furnace by installing a temperature control function in right above 
[ melt ] first. Annealing which can do the field where a cooling rate becomes the following by 1 .0- 
degree-C/within the crystal temperature of 1200 degrees C - 1000 degrees C in a crystal manufacture 
furnace by installing another temperature control function is performed. Still more nearly another 
temperature control function is prepared, a crystal temperature region 1000 to 500 degrees C or more 
always cools above by cooling rate/of 1.0 degrees C, and crystal raising growth is performed. [ or 
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less ] 

[0010] this invention approach (1) Area 20mm2 which the upper layer becomes from the 
polycrystalline silicon with which aluminum and a lower layer were doped by - (4) It has a two-layer 
gate electrode. It mounts all over the silicon wafer top which cut down the MOS diode whose 
insulating oxide-film (gate oxide) thickness is 25.0nm from the silicon single crystal concerned. 
[ when the polar direct current voltage into which a majority carrier is poured from substrate silicon 
is impressed to each MOS diode and the electrical-potential-difference run ping method estimates 
the withstand voltage property of the insulating oxide film of said wafer ] The current density which 
flows through an oxide film is lmicroA/cm2. The rate to the total of the number of the MOS diode 
which the average electric field impressed to the oxide film concerned at the time show 8.0 or more 
(C mode) MV/cm CZ silicon single crystal which has good oxide-film pressure-proofing which is 
40% or more per one wafer, Moreover, CZ silicon single crystal which has good oxide-film 
pressure-proofing [ as / whose C mode percentage is 50% or more per one wafer ], Moreover, CZ 
silicon single crystal which has good oxide-film pressure-proofing [ as / whose C mode percentage is 
50% or more per one wafer / whose percentage of the MOS diode destroyed by the electric field of 
6.0 or less MV/cm is less than 20% ], CZ silicon single crystal which has good oxide-film pressure- 
proofing [ as / whose C mode percentage is furthermore 60% or more per one wafer / whose 
percentage of the MOS diode destroyed by the electric field of 6.0 or less MV/cm is less than 20% ] 
can be manufactured. 
[0011] 

[Function] As a result of this invention persons 1 investigating in a detail the cooling conditions under 
training of the crystal which has various oxide-film proof-pressure properties, by the pyrosphere 
from coagulation temperature to 1200 degrees C, the minute defective generating nucleus used as the 
cause of degrading a proof-pressure property or generating a stacking fault is introduce in ., i.e., the 
training process of the silicon single crystal by the CZ process, which discovered that the following 
relation between formation of the minute defect cooling conditions and leading to dielectric 
breakdown is. There is so little this defective nucleus installation that the crystal cooling rate in the 
pyrosphere from coagulation temperature to 1200 degrees C is large. In a 1200 degrees C - 1000 
degrees C temperature region, by making a crystal cooling rate small and annealing it, this minute 
defective generating nucleus decomposes into reverse, and a consistency decreases. In a temperature 
region 1000 degrees C or less, a generating nucleus grows as a minute defect and degrades a proof- 
pressure property. However, although diffusion of the point defect of oxygen and the atomic hole 
which are the impurity element contained during a silicon crystal, a silicon interstitial atom, etc. 
becomes the cause of main about growth of a minute defect and minute defective growth is 
promoted, in a crystal temperature requirement 500 degrees C or less, the diffusion coefficient of 
these point defects becomes small, and minute defective growth cannot advance easily. Therefore, 
although it is desirable to raise the crystal cooling rate of the crystal which pulls up and grows in all 
crystal temperature requirements 1000 degrees C or less, and to pass the temperature field quickly in 
order to control growth of the minute defect leading to proof-pressure degradation, growth of a 
minute defect can be effectively controlled by raising the cooling rate of a crystal temperature region 
1000 to 500 degrees C or more in activation. [ or less ] 

[0012] In this invention (1), decomposition of a minute defective nucleus is promoted by cooling 
slowly on the conditions which can do the field where a temperature control function is installed in a 
crystal raising furnace, and a crystal cooling rate becomes the following by 1.0-degree-C/in the 1200 
degrees C - 1000 degrees C area within temperature, generating of a minute defect is controlled, and 
a crystal proof-pressure property is raised. 

[0013] this invention (2) ~ an operation of (1) — in addition, temperature control function of being 
right above [ silicon melt ] more nearly another still is installed, a crystal cooling rate is raised from 
coagulation temperature by carrying out a crystal cooling rate above by 1.0-degree-C/in a 1200- 
degree C temperature requirement, installation of a minute defective nucleus is lessened, the minute 
defective origination of nucleus is controlled, and a proof-pressure property is raised further. 
[0014] this invention (3) — an operation of (1) — in addition, growth of a minute defect is controlled 
by installing still more nearly another temperature control function and heightening the refrigeration 
capacity of a crystal temperature field 1000 to 500 degrees C or more, and a crystal proof-pressure 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/28/2006 



JP,07-223893,A [DETAILED DESCRIPTION] 



Page 4 of 15 



property is raised. [ or less ] 

[0015] In this invention (4), all the temperature control effectiveness of each temperature field 1000 
to 500 degrees C or more is added from coagulation temperature, minute defective generating is 
controlled, and a crystal proof-pressure property is raised. [ 1200 degrees C and 1200 degrees C to 
1000 degrees C and ] [ or less ] That is, in the pyrosphere from coagulation temperature to 1200 
degrees C, refrigeration capacity is heightened, installation of a minute defective generating nucleus 
is controlled, by annealing, a minute defective generating nucleus is decomposed and a consistency 
is decreased in a 1200 degrees C - 1000 degrees C temperature region. In a temperature region 1000 
more to 500 degrees C or more, crystal refrigeration capacity is heightened again, growth of a minute 
defect is controlled, and a crystal proof-pressure property is raised. [ or less ] 
[0016] In (4), a crystal raising growth rate can manufacture the satisfactory superior crystal of a 
proof-pressure property above by l.Omm/as usual from above-mentioned this invention (1). 
[0017] The oxide- film pressure-proofing in the example 4 of a comparison is shown in Table 1 and 2 
from die example 12 and the example 1 of a comparison from an example 1 of this invention. 
[0018] 

[Example] Although the example of this invention is given and explained below, it cannot be 
overemphasized that this invention is not what is restricted by the publication of these examples. 
[0019] In advance of an example, the evaluation approach of oxide-film pressure-proofing of the 
silicon single crystal manufactured by this invention is explained below. It carried out by 
investigating the electrical property of the gate oxide (insulating oxide film) which is 25.0nm silicon 
dioxide film which formed the MOS diode on the silicon wafer sample which performed mirror 
plane processing, and was formed in the 1000-degree C desiccation oxygen ambient atmosphere. An 
MOS diode is Ixl021-/cm3 about Lynn on gate oxide. It consists of two-layer structure of 
polycrystalline silicon and aluminum doped above, and is 2 an area of 20mm. It has an electrode and 
the golden electrode is formed in the rear face for ohmic electrodes. The MOS diode with the above- 
mentioned structure was created all over the sample wafer. The polar direct current voltage into 
which a majority carrier is poured from substrate silicon was impressed to each MOS diode, and the 
electrical-potential-difference run ping method estimated the withstand voltage property of the 
insulating oxide film of a sample wafer. The current density which flows through an oxide film is 
lmicroA/cm2. The average electric field impressed to the gate oxide at the time were measured. 
Especially when the average electric field are 8.0 or more MV/cm, it is the field where the crystal 
defect which is called a Shinsei dielectric-breakdown field (C mode field), and causes proof-pressure 
degradation does not exist. Therefore, in proof-pressure characterization, a silicon wafer with many 
rates to the total of the number of the MOS diode in a C mode field is the crystal which was 
excellent in the proof-pressure property. Furthermore, the current density to which impression 
electric field flow through an oxide film between 1 MV/cm and 8 MV/cm is lmicroA/cm2. When 
reaching (dielectric breakdown), the B mode field and the call crystal defect originated this 
impression electric-field field, and proof-pressure degradation is caused. It is better for the proof- 
pressure property to cause dielectric breakdown by the highest possible impression electric field also 
in this B mode field. In this invention, evaluation of oxide-film pressure-proofing was performed by 
asking for the rate of occupying in the total of the number of the MOS diode which the average 
electric field concerning this oxide film show 8 or more MV/cm, and the rate of the number of an 
MOS diode which causes dielectric breakdown by 6 or less MV/cm, when the current density which 
flows through an oxide film was 1 micro A/cm2. 

[0020] The silicon single crystal manufacturing installation used for example 1 this invention is not 
restricted especially if usually used for the silicon single crystal manufacture by the CZ process, and 
by this example, the manufacturing installation as shown in drawing 1 was used for it. This CZ 
process silicon single crystal manufacturing installation has the crucible 6 which consisted of quartz 
crucible 6a which holds silicon melt M, and graphite crucible 6b which protects this, and the crystal 
raising furnace 1 in which the raised silicon single crystal ingot S is held. It is installed in the lateral 
portion of a crucible 6 so that the heat insulation member 3 for preventing that the heat from the 
heating heater 4 and the heating heater 4 escapes to the crystal raising furnace exterior may enclose a 
crucible 6. Moreover, this crucible 6 goes up and down in order to compensate with a silicon melt oil 
level falling with reduction of the silicon melt M in a crucible 6, while the rotation fixture 5 connects 
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with the driving gear which is not illustrated and it rotates at the rate of predetermined with this 
driving gear. In the raising furnace 1, it pulls up, a wire 7 is installed and the chuck 9 holding seed 
crystal 8 which hung from the furnace external upper part is formed in the lower limit of this wire. 
The upper limit side of this pull-up wire 7 is rolled round by the wire loop wheel machine 2 arranged 
in the furnace external upper part, and the silicon single crystal ingot S which grows up to be the 
seed crystal 8 lower part can pull up it now, and it constitutes pull-up equipment. And in the raising 
furnace 1, Ar gas is introduced from the gas inlet 10 formed in the raising furnace 1, the inside of the 
raising furnace 1 is circulated, and it is discharged from the effluence-of-gas opening 1 1 . Thus, it is 
for making it not make SiO which pulls up in connection with melting of silicon, and is generated in 
a furnace 1 mix in silicon melt to circulate Ar gas. And in order that a cooling rate might form 1 .0- 
degree-C field where it becomes the following by /within the crystal temperature of 1200 degrees C - 
1000 degrees C in the crystal pulling furnace 1, the temperature controller 20 was installed. Heat 
insulation heat insulating material, heating heaters, etc., such as a graphite installed so that silicon 
single crystal S by which raising training is carried out might be surrounded as a temperature 
controller 20, are effective. 

[0021] This equipment was used and the silicon single crystal was raised on condition that the 
following. Raising conditions as crystal training rates been 1.0 mm/min and a crystal cooling rate 
and rate patterns indicated to be with the broken line in drawing 5 , Namely, not the above but the 
crystal temperature field cooled slowly exists [ the crystal cooling rate of a crystal temperature field 
1200 degrees C or more ] in a usual state by 1.0-degree-C/. The crystal cooling rate of a 1000 
degrees C - 1200 degrees C crystal temperature field is always in the following range by 1.0-degree- 
C/, and the silicon single crystal was raised on conditions which have the crystal cooling rate of a 
crystal temperature field 1000 more to 500 degrees C or more in the range of the following by 1.0- 
degree-C/. [ or less ] 

[0022] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:7.5 - 8.5xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms / cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0023] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . When the current density which flows through the oxide film of these silicon 
wafers is 1 micro A/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show cm in 8.0MV /or 
more is 40% or more, and the wafer cut down from the silicon single crystal ingot manufactured by 
the approach of this invention shows that it has good oxide-film pressure-proofing. 
[0024] The silicon single crystal was raised on condition that the following using the equipment of 
example 2 example 1 . Raising conditions as crystal training rates been 1 .2 mm/min and a crystal 
cooling rate and rate patterns indicated to be as the continuous line in drawing 5 , Namely, not the 
above but the crystal temperature field cooled slowly exists [ the crystal cooling rate of a crystal 
temperature field 1200 degrees C or more ] in a usual state by 1 .0-degree-C/. The crystal cooling rate 
of a 1000 degrees C - 1200 degrees C crystal temperature field is always in the following range by 
1.0-degree-C/, and the silicon single crystal was raised on conditions which have the crystal cooling 
rate of a crystal temperature field 1000 more to 500 degrees C or more in the range of the following 
by 1.0-degree-C/. [ or less ] 

[0025] The silicon single crystal ingot raised on this condition is as follows. Conduction type: n 
mold (phosphorus dope), the object (160mm) for diameter of crystal:6 inches, resistivity:2 ohm-cm, 
oxygen density: 8.0 - 9.0x1 017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms / cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0026] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . When the current density which flows through the oxide film of these silicon 
wafers is lmicroA/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
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the MOS diode which the average electric field concerning this oxide film show cm in 8.0MV /or 
more is 40% or more, and the wafer cut down from the silicon single crystal ingot manufactured by 
the approach of this invention shows that it has good oxide- film pressure-proofing. 
[0027] The silicon single crystal was raised on condition that the following using the equipment of 
example 3 example 1. Raising conditions as crystal training rates been 1.3 mm/min and a crystal 
cooling rate and rate patterns indicated to be with the alternate long and short dash line in drawing 5 , 
Namely, not the above but the crystal temperature field cooled slowly exists [ the crystal cooling rate 
of a crystal temperature field 1200 degrees C or more ] in a usual state by 1.0-degree-C/. The field 
where a cooling rate becomes the following by 1 .0-degree-C/in a 1000 degrees C - 1200 degrees C 
crystal temperature field exists. The crystal cooling rate of a crystal temperature field 1000 more to 
500 degrees C or more raised the silicon single crystal in the usual state on conditions in which not 
the above but the crystal temperature region cooled slowly exists by 1 .0-degree-C/. [ or less ] 
[0028] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.5xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<L0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0029] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . When the current density which flows through the oxide film of these silicon 
wafers is 1 micro A/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show cm in 8.0MV /or 
more is 40% or more, and the wafer cut down from the silicon single crystal ingot manufactured by 
the approach of this invention shows that it has good oxide-film pressure-proofing. 
[0030] In example 4 this example, the manufacturing installation as shown in drawing 2 was used. 
That is, in order to intercept the heat from the melt heating heater 4 in the location used as the lower 
part of the temperature controller 20 installed in order to reduce a cooling rate to the manufacturing 
installation shown by the example 1 and drawing 1 in a 1200 to 1000 degrees C [ which is right 
above / silicon melt / in a crucible further, and was shown in an example 1 and drawing 1 ] crystal 
temperature region and to raise the cooling rate of a crystal temperature field 1200 degrees C or 
more to it, cylindrical thermal shield equipment 30 was installed. As thermal shield equipment, a 
graphite plate and a metal plate are effective, and may carry out forced cooling of the graphite plate 
and metal plate using gas or a liquid. 

[0031] Raising conditions as crystal training rates been 1.2 mm/min and a crystal cooling rate and 
rate patterns indicated to be with the alternate long and short dash line in drawing 6 , Namely, the 
crystal cooling rate of a crystal temperature field 1200 degrees C or more is always quickly cooled 
above by 1.0-degree-C/. The crystal cooling rate of a 1000 degrees C - 1200 degrees C crystal 
temperature field is always in the following range by 1.0-degree-C/, and the silicon single crystal 
was raised on conditions which have the crystal cooling rate of a crystal temperature field 1000 more 
to 500 degrees C or more in the range of the following by 1.0-degree-C/. [ or less ] 
[0032] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.0xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0033] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . When the current density which flows through the oxide film of these silicon 
wafers is lmicroA/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show cm in 8.0MV /or 
more is 50% or more, and the wafer cut down from the silicon single crystal ingot manufactured by 
the approach of this invention shows that it has good oxide-film pressure-proofing. 
[0034] The silicon single crystal was raised on condition that the following using the equipment of 
example 5 example 4. Raising conditions as crystal training rates been 1 .2 mm/min and a crystal 
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cooling rate and rate patterns indicated to be as the continuous line in drawing 6 , Namely, the crystal 
cooling rate of a crystal temperature field 1200 degrees C or more is always quickly cooled above by 
1.0-degree-C/. The field where a cooling rate becomes the following by LO-degree-C/in a 1000 
degrees C - 1200 degrees C crystal temperature field existed, and the silicon single crystal was raised 
on conditions which have the crystal cooling rate of a crystal temperature field 1000 more to 500 
degrees C or more in the range of the following by 1 .0-degree-C/. [ or less ] 
[0035] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity:4 ohm-cm, 
oxygen density:7.5 - 8.5xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<L0xl016atoms / cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0036] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . When the current density which flows through the oxide film of these silicon 
wafers is lmicroA/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show cm in 8.0MV /or 
more is 50% or more, and the wafer cut down from the silicon single crystal ingot manufactured by 
the approach of this invention shows that it has good oxide-film pressure-proofing. 
[0037] The silicon single crystal was raised on condition that the following using the equipment of 
example 6 example 4. Raising conditions as crystal training rates been 1.3 mm/min and a crystal 
cooling rate and rate patterns indicated to be with the broken line in drawing 6 , Namely, the crystal 
cooling rate of a crystal temperature field 1200 degrees C or more is always quickly cooled above by 
1.0-degree-C/. The field where a cooling rate becomes the following by 1.0-degree-C/in a 1000 
degrees C - 1200 degrees C crystal temperature field exists. The crystal cooling rate of a crystal 
temperature field 1000 more to 500 degrees C or more raised the silicon single crystal in the usual 
state on conditions in which not the above but the crystal temperature region cooled slowly exists by 
1.0-degree-C/. [ or less ] 

[0038] The silicon single crystal ingot raised on this condition is as follows. Conduction type: n 
mold (phosphorus dope), the object (160mm) for diameter of crystal:6 inches, resistivity: lOohm and, 
and cm, oxygen density: 10.0 - 1 0.5x1 017atoms/cc (it computes using the oxygen density scale factor 
by Japan Electronic Industry Development Association), carbon concentration^ 1.0xl016atoms/cc 
(it computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0039] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . When the current density which flows through the oxide film of these silicon 
wafers is lmicroA/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show cm in 8.0MV /or 
more is 50% or more, and the wafer cut down from the silicon single crystal ingot manufactured by 
the approach of this invention shows that it has good oxide-film pressure-proofing. 
[0040] In example 7 this example, the manufacturing installation as shown in drawing 3 was used. 
That is, in order to make forced cooling of the crystal temperature field 1000 degrees C or less of the 
crystal by which raising growth is carried out carry out above the temperature controller 20 installed 
in order to reduce a cooling rate to the manufacturing installation shown by the example 1 and 
drawing 1 in a 1200 to 1000 degrees C [ which was further shown in an example 1 and drawing 1 ] 
crystal temperature region, the cylindrical cooling system 40 was installed in it. As a cooling system, 
a graphite plate and a metal plate are effective, and may carry out forced cooling of the graphite plate 
and metal plate using gas or a liquid. Cooling of the silicon crystal raised is carried out by Ar gas 
which flows between radiation and a graphite plate, a metal plate, and silicon single crystals, and the 
cooling effect is heightened. 

[0041] The silicon single crystal was raised on condition that the following using this equipment. 
Raising conditions as crystal training rates been 1 .2 mm/min and a crystal cooling rate and rate 
patterns indicated to be with the broken line in drawing 7 , Namely, not the above but the crystal 
temperature field cooled slowly exists [ the crystal cooling rate of a crystal temperature field 1200 
degrees C or more ] in a usual state by 1 .0-degree-C/. The field where a cooling rate becomes the 
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following by 1.0-degree-C/in a 1000 degrees C - 1200 degrees C crystal temperature field existed, 
and the silicon single crystal was raised on conditions which always have the crystal cooling rate of a 
crystal temperature field 1000 more to 500 degrees C or more in the above range by l:0-degree-C/. 
[ or less ] 

[0042] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.0x1 01 7atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0043] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1. Each percentage (C mode ratio) of occupying in the total of the number of the 
MOS diode which the average electric field built over this oxide film when the current density which 
flows through the oxide film of these silicon wafers is 1 micro A/cm2 show 8.0 or more MV/cm is 
50% or more. Each percentage of occupying in the total of the number of the MOS diode which 
average electric field furthermore show cm in 6.0MV /or less is less than 20%, and the wafer cut 
down from the silicon single crystal ingot manufactured by the approach of this invention shows that 
it has good oxide-film pressure-proofing. 

[0044] The silicon single crystal was raised on condition that the following using the equipment of 
example 8 example 7. Raising conditions as crystal training rates been 1.2 mm/min and a crystal 
cooling rate and rate patterns indicated to be as the continuous line in drawing 7 , Namely, not the 
above but the crystal temperature field cooled slowly exists [ the crystal cooling rate of a crystal 
temperature field 1200 degrees C or more ] in a usual state by 1.0-degree-C/. The field where a 
cooling rate becomes the following by 1.0-degree-C/in a 1000 degrees C - 1200 degrees C crystal 
temperature field existed, and the silicon single crystal was raised on conditions which always have 
the crystal cooling rate of a crystal temperature field 1000 more to 500 degrees C or more in the 
above range by 1.0-degree-C/. [ or less ] 

[0045] The silicon single crystal ingot raised on this condition is as follows. Conduction type: n 
mold (phosphorus dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:7.5 - 8.5x1 017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:^. Ox 10 16atoms / cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0046] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1. Each percentage (C mode ratio) of occupying in the total of the number of the 
MOS diode which the average electric field built over this oxide film when the current density which 
flows through the oxide film of these silicon wafers is lmicroA/cm2 show 8.0 or more MV/cm is 
50% or more. Each percentage of occupying in the total of the number of the MOS diode which 
average electric field furthermore show cm in 6.0MV /or less is less than 20%, and the wafer cut 
down from the silicon single crystal ingot manufactured by the approach of this invention shows that 
it has good oxide-film pressure-proofing. 

[0047] The silicon single crystal was raised on condition that the following using the equipment of 
example 9 example 7. Raising conditions as crystal training rates been 1.2 mm/min and a crystal 
cooling rate and rate patterns indicated to be with the alternate long and short dash line in drawing 7 , 
Namely, not the above but the crystal temperature field cooled slowly exists [ the crystal cooling rate 
of a crystal temperature field 1200 degrees C or more ] in a usual state by 1 .0-degree-C/. The field 
where a cooling rate becomes the following by 1.0-degree-C/in a 1000 degrees C - 1200 degrees C 
crystal temperature field existed, and the silicon single crystal was raised on conditions which 
always have the crystal cooling rate of a crystal temperature field 1000 more to 500 degrees C or 
more in the above range by 1.0-degree-C/. [ or less ] 

[0048] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity:2 ohm-cm, 
oxygen density:10.0 - 10.5xl017atoms/cc (it computes using the oxygen density scale factor by 
Japan Electronic Industry Development Association), carbon concentration^!. 0xl016atoms/cc (it 
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computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0049] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1. Each percentage (C mode ratio) of occupying in the total of the number of the 
MOS diode which the average electric field built over this oxide film when the current density which 
flows through the oxide film of these silicon wafers is lmicroA/cm2 show 8.0 or more MV/cm is 
50% or more. Each percentage of occupying in the total of the number of the MOS diode which 
average electric field furthermore show cm in 6.0MV /or less is less than 20%, and the wafer cut 
down from the silicon single crystal ingot manufactured by the approach of this invention shows that 
it has good oxide-film pressure-proofing. 

[0050] In example 10 this example, the manufacturing installation as shown in drawing 4 was used. 
That is, in order [ of the temperature controller 20 installed in order to reduce a cooling rate to the 
manufacturing installation shown by the example 1 and drawing 1 </A> in a 1200 to 1000 degrees 
C / which was shown in an example 1 and drawing 1 / crystal temperature region ] to cover the heat 
from the melt heating heater 4 and to raise the cooling rate of a crystal temperature field 1200 
degrees C or more caudad, cylindrical thermal shield equipment 30 was installed. As thermal shield 
equipment, a graphite plate and a metal plate are effective, and may carry out forced cooling of the 
graphite plate and metal plate using gas or a liquid. In addition to the above, in order to make forced 
cooling of the crystal temperature field 1000 degrees C or less of the crystal by which raising growth 
is carried out carry out above said temperature controller 20, the cylindrical cooling system 40 was 
installed in it at the equipment used by this example. As a cooling system, a graphite plate and a 
metal plate are effective, and may carry out forced cooling of the graphite plate and metal plate using 
gas or a liquid. Cooling of the silicon crystal raised is carried out by Ar gas which flows between 
radiation and a graphite plate, a metal plate, and silicon single crystals, and the cooling effect is 
heightened. 

[0051] The silicon single crystal was raised on condition that the following using this equipment. 
Raising conditions as crystal training rates been 1 .2 mm/min and a crystal cooling rate and rate 
patterns indicated to be with the alternate long and short dash line in drawing 8 , Namely, the crystal 
cooling rate of a crystal temperature field 1200 degrees C or more is always quickly cooled above by 
1.0-degree-C/. The field where a cooling rate becomes the following by 1.0-degree-C/in a 1000 
degrees C - 1200 degrees C crystal temperature field existed, and the silicon single crystal was raised 
on conditions which always have the crystal cooling rate of a crystal temperature field 1000 more to 
500 degrees C or more in the above range by 1.0-degree-C/. [ or less ] 

[0052] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.5x1 01 7atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:^ .0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0053] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . Each percentage (C mode ratio) of occupying in the total of the number of the 
MOS diode which the average electric field built over this oxide film when the current density which 
flows through the oxide film of these silicon wafers is lmicroA/cm2 show 8.0 or more MV/cm is 
60% or more. Each percentage of occupying in the total of the number of the MOS diode which 
average electric field furthermore show cm in 6.0MV /or less is less than 20%, and the wafer cut 
down from the silicon single crystal ingot manufactured by the approach of this invention shows that 
it has good oxide-film pressure-proofing. 

[0054] The silicon single crystal was raised on condition that the following using the equipment of 
example 11 example 10. Raising conditions as crystal training rates been 1.3 mm/min and a crystal 
cooling rate and rate patterns indicated to be as the continuous line in drawing 8 , Namely, the crystal 
cooling rate of a crystal temperature field 1200 degrees C or more is always quickly cooled above by 
1.0-degree-C/. The field where a cooling rate becomes the following by 1.0-degree-C/in a 1000 
degrees C - 1200 degrees C crystal temperature field existed, and the silicon single crystal was raised 
on conditions which always have the crystal cooling rate of a crystal temperature field 1000 more to 
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500 degrees C or more in the above range by 1 .0-degree-C/. [ or less ] 

[0055] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity:4 ohm-cm, 
oxygen density:9.5 - 10.0x1 01 7atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms / cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0056] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 1 . Each percentage (C mode ratio) of occupying in the total of the number of the 
MOS diode which the average electric field built over this oxide film when the current density which 
flows through the oxide film of these silicon wafers is 1 micro A/cm2 show 8.0 or more MV/cm is 
60% or more. Each percentage of occupying in the total of the number of the MOS diode which 
average electric field furthermore show cm in 6.0MV /or less is less than 20%, and the wafer cut 
down from the silicon single crystal ingot manufactured by the approach of this invention shows that 
it has good oxide-film pressure-proofing. 

[0057] The silicon single crystal was raised on condition that the following using the equipment of 
example 12 example 10. Raising conditions as crystal training rates been 1.2 mm/min and a crystal 
cooling rate and rate patterns indicated to be with the broken line in drawing 8 , Namely, the crystal 
cooling rate of a crystal temperature field 1200 degrees C or more is always quickly cooled above by 
1. 0-degree-C/. The field where a cooling rate becomes the following by 1.0-degree-C/in a 1000 
degrees C - 1200 degrees C crystal temperature field existed, and the silicon single crystal was raised 
on conditions which always have the crystal cooling rate of a crystal temperature field 1000 more to 
500 degrees C or more in the above range by 1. 0-degree-C/. [ or less ] 

[0058] The silicon single crystal ingot raised on this condition is as follows. Conduction type: n 
mold (phosphorus dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:7.5 - 8.5x1 01 7atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:^ .0x1 016atoms / cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0059] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was ■* 
shown in Table 1. Each percentage (C mode ratio) of occupying in the total of the number of the 
MOS diode which the average electric field built over this oxide film when the current density which 
flows through the oxide film of these silicon wafers is lmicroA/cm2 show 8.0 or more MV/cm is 
60% or more. Each percentage of occupying in the total of the number of the MOS diode which 
average electric field furthermore show cm in 6.0MV /or less is less than 20%, and the wafer cut 
down from the silicon single crystal ingot manufactured by the approach of this invention shows that 
it has good oxide-film pressure-proofing. 

[0060] In the example of the one example comparison of a comparison, the silicon single crystal 
raising equipment which removed the temperature control function 20 for a cooling rate to form 1.0- 
degree-C field where it becomes the following by /in a 1200-1000-degree C crystal temperature field 
in the crystal raising furnace 1 from the equipment shown in drawing 1 , i.e., the silicon single 
crystal pull-up equipment of a conventional type, was used. 

[0061] This equipment was used and the silicon single crystal was raised on condition that the 
following. Raising conditions as crystal training rates been 1.2 mm/min and a crystal cooling rate 
and rate patterns indicated to be with the two-dot chain line in drawing 9 , Namely, not the above but 
the crystal temperature field cooled slowly exists [ the crystal cooling rate of a crystal temperature 
field 1200 degrees C or more ] in a usual state by 1. 0-degree-C/. The crystal cooling rate of a 1000 
degrees C - 1200 degrees C crystal temperature field is always in the above range by 1. 0-degree-C/, 
and the silicon single crystal was raised on conditions [ as / whose crystal cooling rates of a crystal 
temperature field 1000 more to 500 degrees C or more are not above by 1.0 degrees-C/at a usual 
state ]. [ or less ] 

[0062] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.5xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
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Electronic Industry Development Association), carbon concentration:^. 0x101 6atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0063] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 2. When the current density which flows through the oxide film of these silicon 
wafers is 1 micro A/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show 8.0 or more MV/cm 
is less than 40%, and shows that oxide-film pressure-proofing is not good. 

[0064] The equipment used in the example 1 of example of comparison 2 comparison was used, and 
the silicon single crystal was manufactured on condition that the following. Raising conditions as 
crystal training rates been 1 .2 mm/min and a crystal cooling rate and rate patterns indicated to be as 
the continuous line in drawing 9 , Namely, not the above but the crystal temperature field cooled 
slowly exists [ the crystal cooling rate of a crystal temperature field 1200 degrees C or more ] in a 
usual state by 1 .0-degree-C/. The crystal cooling rate of a 1000 degrees C - 1200 degrees C crystal 
temperature field is always in the above range by 1. 0-degree-C/, and the silicon single crystal was 
raised on conditions [ as / whose crystal cooling rates of a crystal temperature field 1000 more to 500 
degrees C or more are always the above range by 1. 0-degree-C/]. [ or less ] 
[0065] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.5x1 01 7atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0066] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 2. When the current density which flows through the oxide film of these silicon 
wafers is 1 micro A/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show 8.0 or more MV/cm 
is less than 40%, and shows that oxide-film pressure-proofing is not good. 

[0067] The equipment used in the example 1 of example of comparison 3 comparison was used, and 
the silicon single crystal was manufactured on condition that the following. Raising conditions as 
crystal training rates been 1.2 mm/min and a crystal cooling rate and rate patterns indicated to be 
with the alternate long and short dash line in drawing 9 , Namely, the crystal cooling rate of a crystal 
temperature field 1200 degrees C or more is always quickly cooled in the above range by 1.0-degree- 
C/. The crystal cooling rate of a 1000 degrees C - 1200 degrees C crystal temperature field is also in 
the above range by 1. 0-degree-C/, and always raised the silicon single crystal on conditions [ as / 
whose crystal cooling rates of a crystal temperature field 1000 more to 500 degrees C or more are 
not above by 1.0 degrees-C/at a usual state ]. [ or less ] 

[0068] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:!?. 5 - 10.5xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:^. 0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0069] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 2. When the current density which flows through the oxide film of these silicon 
wafers is 1 micro A/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show 8.0 or more MV/cm 
is less than 40%, and shows that oxide-film pressure-proofing is not good. 

[0070] The equipment used in the example 1 of example of comparison 4 comparison was used, and 
the silicon single crystal was manufactured on condition that the following. Raising conditions as 
crystal training rates been 1 .2 mm/min and a crystal cooling rate and rate patterns indicated to be 
with the broken line in drawing 9 , Namely, the crystal cooling rate of a crystal temperature field 
1200 degrees C or more is always quickly cooled above by 1. 0-degree-C/. The crystal cooling rate of 
a 1000 degrees C - 1200 degrees C crystal temperature field is also in the above range by 1.0-degree- 
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C/, and the crystal cooling rate of a crystal temperature field 1000 more to 500 degrees C or more 
also always raised the silicon single crystal for it on conditions it is [ conditions ] always the above 
range by 1.0-degree-C/. [ or less ] 

[0071] The silicon single crystal ingot raised on this condition is as follows. Conduction type: p 
mold (boron dope), the object (160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, 
oxygen density:9.5 - 10.5xl017atoms/cc (it computes using the oxygen density scale factor by Japan 
Electronic Industry Development Association), carbon concentration:<1.0xl016atoms/cc (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0072] Oxide-film pressure-proofing of the wafer cut down from this ingot was measured, and it was 
shown in Table 2. When the current density which flows through the oxide film of these silicon 
wafers is lmicroA/cm2, each percentage (C mode ratio) of occupying in the total of the number of 
the MOS diode which the average electric field concerning this oxide film show 8.0 or more MV/cm 
is less than 40%, and shows that oxide-film pressure-proofing is not good. 
[0073] 
[Table 1] 
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[0074] 
[Table 2] 
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[0075] the conclusion of an example and the example of a comparison — in order to clarify the 
contents of each claim in a claim, the above-mentioned example and the example of a comparison 
are summarized in the following tables. 
[0076] 
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[0077] 

[Effect of the Invention] Since the silicon single crystal of this invention or the silicon single crystal 
by the manufacture approach of this invention has good oxide film pressure-proofing, its 
dependability of gate oxide is high and it fits the wafer for MOS devices. The silicon single crystal 
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and the manufacture approach of this invention can offer what is properly used as follows from a 
required proof-pressure property and the manufacturing cost of a silicon single crystal according to 
the capacity property of an MOS device. As for this invention approach (1), a proof-pressure 
property improvement effect is acquired with a manufacturing cost with it. [ there is few installation 
of a temperature control function and cheap ] By this invention approach (2), since the effectiveness 
which raises the cooling rate of the crystal temperature field by the side of the elevated temperature 
of 1200 degrees C or more is added, a raising rate is made to increase, productivity is raised and a 
proof-pressure property improvement effect is acquired. By this invention approach (3), there is 
effectiveness which controls not only an improvement of a proof-pressure property but growth of a 
crystal defect (dislocation loop including oxygen sludge or stacking fault) generating nucleus by 
making the cooling rate of a crystal temperature field 1000 degrees C or less increase, and raising 
crystal cooling power. Therefore, although the effectiveness which controls a crystal defect most is 
high and this invention approach (4) which combined these can improve a proof-pressure property, it 
is necessary to install many temperature control functions, and a manufacturing cost becomes high. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] **, drawing showing typically the configuration of the CZ process silicon single crystal 
manufacturing installation which has crystal annealing equipment used in the first example group of 
this invention, 

[Drawing 2] **, drawing showing typically the configuration of the CZ process silicon single crystal 
manufacturing installation used in the second example group of this invention which added the 
crystal cooling system to the equipment of drawing 1 , 

[Drawing 3] Drawing showing typically the configuration of the CZ process silicon single crystal 
manufacturing installation used in ** and the third example group of this invention which added 
another crystal cooling system to the equipment of drawing 1 , 

[Drawing 4] Drawing showing typically the .configuration of the CZ process silicon single crystal 
manufacturing installation used in ** and the fourth example group of this invention which added 
another crystal cooling system to the equipment of drawing 2 , 

[Drawing 5] The graph which shows the relation between the crystal temperature under silicon single 
crystal raising of ** and the first example group of this invention, and a crystal cooling rate, 
[Drawing 6] The graph which shows the relation between the crystal temperature under silicon single 
crystal raising of ** and the second example group of this invention, and a crystal cooling rate, 
[Drawing 7] The graph which shows the relation between the crystal temperature under silicon single 
crystal raising of ** and the third example group of this invention, and a crystal cooling rate, 
[Drawing 8] The graph which shows the relation between the crystal temperature under silicon single 
crystal raising of ** and the fourth example group of this invention, and a crystal cooling rate, 
[Drawing 9] The graph which shows the relation between the crystal temperature under silicon single 
crystal raising of ** and the example group of a comparison, and a crystal cooling rate. 
[Description of Notations] 

1 — A CZ process silicon single crystal raising furnace, 2 — A wire loop wheel machine, 3 — Heat 
insulator, 4 ~ A heating heater, 5 — Rotation fixture, 6 — A crucible, 6a — Quartz crucible, 6b — A 
graphite crucible, 7 - Wire, 8 - Seed crystal, 9 - Chuck, 10 [ 20 / - Temperature controller (crystal 
cooling system). / — A temperature controller (crystal annealing equipment), 30 — A temperature 
controller (crystal cooling system), 40 ] — A gas inlet, 1 1 — Gas exhaust 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of" this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 2] 
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[Drawing 5 ] 
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[Drawing 7] 
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[Drawing 8] 
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PURPOSE: To improve the crystal growth rate and withstand voltage 
characteristics of an oxide film by providing special cooling conditions in a 
process for producing a silicon single crystal in a Czochralski process 
(hereinafter refferred to as the CZ process). 
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to a voltage ramping method. 
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[0012] ( 1 ) l»5l*±WrtK« 

ffiMfflHRflB«rR«l/ 1 200-C-1 0 00 'CCOSaiSrt 
fcfctvr. t£JU$#iKfttf 1 - OV^Ti&i** 

[0013] ( 2 > ra\ ( i ) (oftmicmz- 
r, 3 6^^y^>is^igjbu:s(icDsa^®i«ffi«:sa 

U gifig^6 1 2 0 0 *c©»ffiEH«:teii-rttSJ^ 

iPMg^r i . o -c/#«±K-r £ c <t Kd: o 

[0014] ( 3 ) "Ctt, ( 1 ) ©fEMtm 

S6fiCS9oaflMBlWtt«RK^ i o o o^«T* 

6500 ^^©is«»e»(to»atto**a>*c £ 

[0 0 15] (4) -Ctt, ^@iag^6 1 20 0 

°C, 1 2 0 0 "C*6 1 0 0 0 "C, 1 0 0 0 "CfiTF*>6 5 

o o •cJw±©^^«@cD^s«iram^'r^-c«ftiL 

Sctot, iBBi&ff*>6> 1200 ■c*r©?Kfi«'rtt>&*p 
fg**!Sfea^Pip^©^A€rffllS!lO, 1 2 00t 

- 1 o o o vo&gmvitfa&tc <t d , a/j^H6«4® 
5 o o •c6Lb©a*«rtt, sc«Sft»ai86A*W26, 
[0016] ±ss&&m ( i ) a>e> ( 4 ) tcfc^T, m 

K\*±W&a3teO&*MQl. Oma/»H±r« 
[0017]I1 *?J:tfS2K:, *«§8©^afi« 1 3^6 

[0018] 

[0019] HJfiWJCjfettft, *^J^<fc^S^L/c-> 

4 0 affitinXSrJSOfc^ya^^x-^SCSiKiMOS 
9 A F &&f£l,> 1 0 0 0 'CtDlSigKS^ffl^-C 

o/c e MOS^t-Ftt HK{tlB-bCcy >£ 1 
xiOVcm 3 K±K-^Lfc^>y 3>i7;l/ 
= ^A©2H«@*>6&?K Ii2 0mm 2 ©mS^: 

4 e ±BBO«Jft*l*oMOSy-f*-F%6W^*^ 
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Sft-S^teWiffifcSfffc&MOS^:*-- FCCEPflnUT 

mff 7 > t-> ^sbc j: sisfw i -^<mmmtm<om 

1 wA/cm' <m<Df- h»ffcJ««:ffl»DSn*3F*WI 
ISABEL /c. IffC, -5-©^«H*S8. OMV/cm 
feLJb-C*S»^tt. *iE^K«M« (C*-F«W) 
£ mitiME&i tZM C b & l,>fiWP 

igcc&SMO s 2V F©fI&©*g&ic*t-rsi!J£# 10 

S6fC. Efl2inSIWUMV/cm#>6 8MV/cm©Rg 

TK^ K{tJg»EE©f¥ffi«:. &ftJR£jiUT8£ftS*?j£ 
UA/c in 2 ©BSfCgtK-ffcJgKrtwfrS^^ 
*5 8MV/cmtLb5r^-rMO S 94*- F ©<!&©*£ 20 
ifcK:£ii>£«^. fcJ:0'6MV/c m«T-CftS^* 
jBc-J-MOSy-f*- F©ffl»©«^**«e>*Ci{cJ: 

[0020] HifeM l 

**BKm»6«i*5'y3>#ejwBi3»a:. ante 
zttK <t 5 ^ y ^ >JtM£H§£SKm> 6ft £ *>©T$>ft 
{*»(c«iiEsn4 fc©-c«* < . ^mmm-cizm 1 to* 

Mjgggti. ^ya^SKKM^iRST-SS^^^JPe a 

if-r ssjis i # ±tf *f i £W-f s . * ? *' 6 ©wmspk: 
». fln&t - £ 4 £ flnf&fc - £.4 *>.6©ra*JfeS9 i*± 

tf^SP{c3I^S©*l5Ef±-r-5fcfe©Bf^SPM3 jWU? 
#6£ffi9Ht*«fc5&Efgg;5ftTi,».5„ $/c. c©ji^ 

y =i >»?B5Kffiiw«"Fr zmffis tc&iczmztiz 

9ST3ftfc?IJbtf v-f-f Tas&SSft. C©7^-WD 

ESS-T >JWIA -f > =f * h S #3 IJb tf 6 ft -5 «fc 

5 l*±lf *F 1 ftfctt. 3l#_Bf*F 1 (cjg^Stifc^Si 
Ani0*6Ar^*i#A3n, 3l*±tfi5Plrt*» 

#**&«;*■£*©«. ->ya>©^iai{c#&or?i# 50 
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±tf«* 1 rteeR£T4 S i 0£~> y 3 ^BBSrttCiRXg 

i*3T 1 2 0 0 'C~ 1 0 0 0 •c©$gjysgisSi*3tc?&*pag[ 
#1. 0 , C/»JSiTi«tifll«*3asR , r4fc«>{cjafltW 
jS®g2 0^BL-fc. S£fMSJ§|g2 0£LTtt, 31 

[002 1 ] C©«g*G6fflt,T. JaTOSfefrT^y ^ 
>m&ik*^l$Vrc. m£kH!8Mmz 1 . 0 mm/m i' 
n-C. fctfl^^fcJitfJfiS'* *->#H 5 41©^ 
T*s i* ft -5 <fc 5 a? I *±tf 1-&fc%l2.0 0 "OBI 

±©fSBlSSSI«©Sei<*iP3lft*^KB l . 0 

1000 -c~ 1200 •ccssaK^^sn^iaa 

jiS^K 1 . 0 •C/^T©eHfC*f3 . 5 1 0 0 0 
•C«T*6 5 0 0 -C^LkCE^AAftMiADlill^iaffi 
*s 1 . 0 •C/^-*?S©eH £ * 4 «fc 5 Ti' y 3 > 

[002 2] C ©^TWESS 4-i/c~> y 3 >m£M*4 > 
n*^. F»^©ffiDT*S. :pI(#d> F- 

7") . ISAS: 6 4>^m (1 6 0mm) . fgta^ : 1 
OQ-cm.ifilg:?. 5~8. 5xi0 17 atotns 
/c c (H*^^X*^e^(Cj:SSW?g^fftt» 
*fflt»"CJHU) . : < 1 . 0X1 0 16 atoms / 

cc {u*n*jLmWim&^c&zmm£immmk* 

[0 02 3] C©-f>3 5) h^e^JOtULfti^i-^© 

m 2 ©B#tCi^{b^C*^S^m^^8. OMV/c 
mai^MOS^-f:!-- F ©«&©*§»«: tSabSSK 
(C*-Fi:k*> Bl»rnt.4 0%JiLhT*i3 t *^ 
W©3SrffiTl86Stifcf y 3>*BS-f >=f » F*>&«J 

t <h£7Kl,TU&„ 

[0 0 2 4] mmM2 

mmm 1 ©^a^ffl^T. «t©^t-> y a >«ea 

^W^L/fc. ^SWfiKiftttl. 2mm/minT, 
S^iPiiSfc «t O'SS-' * £ - 5 *©H^T^ 3 ft 
-5<fc 5«l*±tf*fl=. "Tttfo* 1 2 0 0 mJb©8ft 

ffljs*i«©isflw&aais*»»{c « 1 . 0 -c/wMxtn 
<xs>-><K>'{%mzin z&i 3 e ummimm& l . 1000 
■c-1200 •c©^ B isa^©ie B i^ijig*s^«: 
1 . 0 ■c/»«T<p«Bec* 0 . se-Kiooo •cetr 

*65 0 0 "CJWiC^alSgM^^Bi^SPSS* 3 1 - 
0 *C/»5feiWD«HtC** cfc ^ /«C^T~> 'J a >«SA 

[002 5] C OMt?fliSStlfc5/ 'J n > 

=f 5. nt^oao-c**. fcmm •. ns ( y > f- 
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V) . mOSk: 6^>9-m (1 6 0mm) , SSx^ : 2 
Q* cm, : 8. 0-9. 0X1 0 17 atoms / 

cc (n^m+xmmmw,^ £ *tts«B»ff tra& 

ffl^r#W) , K3R8K: <1. OX 1 0 16 atoms /c 

m 2 <Dmfcm£itmfcfr&z s £i%m¥ 3 r-ft8. omv/ c 10 

[0 0 2 7 ] 

£Wj£U/£ 0 JSHW/iK^ttl . 3 mm/m i n?, & 
3n5i5&5l*±tf^. rtcfe* 1 2 0 0"C£t±O 20 

rtt<ij>-p< ^^n^^gs^au, 10 

OO'C-1 20 0 m C<Dl£iiS&tR1&fctol*X^m&ifi 
1 . 0 "C/fr&Tt ^SWSftO, £ 6 Cc 1 0 0 0 
"OBIT* 6 5 0 0 °C«±tDiS B ^SS^O^^aBlS[ 

s&s»tctt i . o °c/»«±r ara <^^<D^a^ns 

[0 0 2 8] C ^tf ScS »J 3 >#g H B B ^f > 
=T? htt^c©iiD-r*S 0 : pM (**n>F- 30 

?*) . MJIS: B-f>*/B (1 6 0mm) , : 1 

0Q-cm, MI^SS: 9. 5-10. 5xi0 17 atom 
s/cc (B2[xm^X^iSffi^tCj:^MS?S^»ff 
SSSRtttt: < 1. Ox 1 0 1 6 atoms 

[0 0 2 9] C<D-OdTy Yfrhty*)\ti\yfc^ *-^<D 

^*wN©K<tR*iiLTSsn*«ieffiS3&$i ma/c 

m*©^t^{tBK^S¥^lW*8. OMV/c 40 
mJM±*5*TMOS F©fflS©tt«ttCi5»S«l 

WO^-C«jgSnfc5xy3>#jSS-f>=f^ F35p6«J 
[0 0 3 0 ] Hi£M4 

tf>CC^L?c 1 2 0 0 1 0 0 0 "CCD*gSfifi^tCfe 50 
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mmu i 2 o o *c&±oi&ik&mmm<Dftmm&zn& 

[003 1 ] iftSWfiKlStt 1 . 2 mm/m int, g 
SttS<fc5ft5lfiLhfr«fefr, Tft^l 2 0 0W_b© 

«< iooo °c- 1200 "coeaiattSBJ* 

(DmEfcmSBLtfi'Stc 1 . 0 "C/i&JMTOiSHK:* *) , 

s e>cc i o o o •c«tj&>6 5 o o •c«±©»siaK«« 
<D*£ S&*p»g# i . o -C/fl*«©l5H cc £> & J; ft 

[0 03 2] c ©^fefr-rWflES tifet^ y n >#jgfi-f > 

7') , fSJIS :6^>^I(160mm) 4 : 1 

0Q • cm, MIRigft : 9. 5 — 10. 0X1 0 17 atom 
s/cc (B^^XWMtt^Jc&IHSiHaWti- 
K*ffi^T»ffl)\ iWatt: <1. 0xio 16 atoms 

/cc (s^^x^MS^tc^^^atgjfe^S: 

[0 03 3] CO-f >=f* h^^W^ffibfc^*-^© 
BtftJW£E*W3EO, ^l^U/c e C*i6©$/y 3> 

9*w\©»uRtaur*n««»«it3&Ji ma/c 

m'©«FK:»H<fcJR«:^S^«ISi*s8. OMV/c 

9?o:5ffiri8gsntevy=i>«tsa-Y>=f^ f^&« 

[0 0 3 4] 

^rWJ&t/fce ttBWE&fiStil . 2 mm/m i 
«J:9tt5l*±W»fK -Tftto* 1 2 OOtai^ 

as ««o»a?&aiafl[*j«(c 1 . o -c/^jeuira < 

^iP^n, 1 0 0 0 *C- 1 2 0 0 a C<Di£B&Ktt«C** 
^rmPiE^i. 0 o C/^«Tift^^^#aEL, 

$ 6 1 0 0 0 "C«T^ 6 5 0 0 •ca±©ttaagffl« 
cD^^SJiiS^ l . o °C/^*iH(D®a cc £ % J: -5 ft 

[0035] c ©^ttrfffi^ n/c-> y ^ >^sb -f > 

7") % ShIS: 6^>^ffl (1 6 0mm) % : 4 

Q - cm, ii?Sg: 7. 5 — 8. 5xl 0 17 atoms/ 
cc (BM^X«mB6KJ:SKKHUe!ltirtHR« 
JSC»T*ffi) % *HIH*|£: <1. 0 x l 0 16 atoms /c 
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[0 0 3 6 ] XL<OA FifrfctfJOliiOfcS*--^© 

^x-^©»{b«*auris«a4«t«S3&$i ma/c 
m 2 c7)^K:gM{bjg^:^^^m^8. OMV/c 

(ot-Ftt*) tt^mfe5 0%«±tr*o, 

[0 0 3 7] HJSM6 

£lT/5L>fc 0 tSAWtiuSfttt 1 . 3 mm/m i nt, ft 

*<t5«c5i*±w*fr k i 2 o o"cjh±cdis» 

iooo B c- 1200 •C(Dj*sias««K:fc 
\,*xft&m&ffi i . o -c/^jwt t a u . 

S 6fc 1 0 0 0 °C«T#>6 5 0 0 T42Lb©eBiBfi:«ia 
0g a B Bft9II^f^ tt 1 . 0 iC/»£Lh"Ctta < i» o 

[0 0 3 8 ] c ^fttfg?n/c^ y 3 >*msiw > 

=fy htt^C©at)r*S. (£iM:nl(y>F- 
^) , Mb b bS: B-f>*JB (1 6 0mm) m UtKm : 1 
OQ-cm, KXttK: 10. 0-10. 5xi0 17 at 
oms/cc ( Btt^It^B^^C^SSSg^S 
WS«rJI!l»T«ti) , IsSI&IS : < 1 . 0X1 0 16 atom 
s/cc (B2WT-X«Wltt*«:J:*«««Safe»« 

[0 0 3 9 ] CO>f>3>; hfrfcWDHit/ft:**-^© 

KftRBE*a9^L/, aitc^u/co cneo5>y^> 
^*-^©KfbB*ilLr*hS«*af«3&si ^a/c 

m 2 ©^cR»ftflitc^4^«j?l3&5 8. OMV/c 
mJM±*5%-rMOS y-f FO^OttKOc****! 

[0 04 0] 

toft, Wt«lteJ:CJ f iai , t?SKLWHJia6«Cc, £6>&c 

ms&m i ** jots 1 ^fc^Lfc 1200 w=> 1000 

SS<D 1 0 0 0 X^T©fefi«afl[««45S»J?fta3-&S 
tit, *te«*^«#»»rc. £fc*04Mffi-e&K 
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[0041] c L-cjeiTflMfefr'cs/ y 3 > 

*BS*WflcU^ liAWfi&Bj£t£ 1.2 mm/m i n 
»Sh4J:5WI*±Wfctt t rtttoftl 2 0 0*C«_b 

^*i^««^fl?&atta[36«i»cctt 1 . 0 e c/#j« 
iooo-c-1 2 0 0 "coeaaaEiHicccfe^-c^a 

10 0-C/»JKTta5««3W?«EL/, £6^10 

0 0 -CKT^6 5 0 0 TUy±<D*§fl^««©*Sft»» 
att3&s*CC 1 . 0"C/»H±CD«iJc*S±5&*fr-C 
5/y n>#|S H B B^W^U/c e 

[0042] c ©afeff-cwjffis n/c^> y =3 >#»a-r > 

?') , t£AS: B-f>*« (1 6 0 mm) , &tft« : 1 
0Q • cm, : 9,5-10. 0X1 0 a7 atom 

s/cc <H«^xa«e*ccj:4iWRjiaa!w»f- 

»*/Bt»*t»ffi) , : < 1 . 0X1 0 16 atoms 

20 / c c < b M^jHSMBfttc ct fl» 

[0 043] C<D-f>rfy Fjfc&ttOffiLfc**-^© 

*x^OBMfc«*aL/TSKa*«a«a3S«l mA/c 
m^mciiftKc^^^^^s. 0MV/c 
m«±^TMOS^7t- Fa>flRa^HR<Ci&A&ti 
& .(C*- Fit*) »^m«>5 0%J£LbT*»3. £ £ 
fC¥±WW*S6. OMV/cmOT^tMOS^t 

- F©fl»oi*»«:i5a>4«^3&s^rti«> 2 o 
30 *^©^-t««shft:^y3>*ii?»-f>=f 

[0 0 4 4] 

*»«7©sat%fflir^r fc erF©*fr-c5/y3>j|nsji 

m&ffl&ona^mmfiiiM* 1 . 0 t/»«±r«c 
<^o< o?&«3ti4tta»t««*sffaEO. 1000 

40 °C- 1 2 0 0 T<Df£A^ttttKfcl>T&0jSK# 1 . 

T^6 5 0 0 °CfeU:(DiS Hftfl«CD|$A?ftaSKft«» 
(c 1 . 0 °C/^«±CD®H^^ 4 <fc 5 ftjfefrrs/ y a > 

[0045] c^frrwjflsstifc^ y 3>JMS»^ > 
=fv Fli^CDaD-C**. S^M: ni (y>F- 
^) , ^h^S : 6^>fffl(160 mm) , Sia^ : 1 
OQ-cm, mM&& : 7. 5 — 8. 5X1 0 17 atoms 
/ c c ( S^KiSM^tc j: 4^?l^#t1-^ 

50 *ffllir»ffl) , ^^7^ : < 1 . 0X1 0 16 atoms / 
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cc ( a^m&Tmmm^K. <t zmmsmzm-mL* 

fflt^TfHJ) . 

[0 04 61 C©-f>=f? b^b^lHOtcO x-/ncd 

$*wN©itftgi*jiLTatosm»Hfcfl»ii ma/c 
m' ©^Ftcg®{fcje«:*>*> z>*mnm-ifi 8 . omv/ c 

m«±^tMOS^t- F©ffift©tefttc£&&*f 
^(C*-FJt*) »t>-J*nfc5 0 96£U:T*D. 36 
(C^l^^*56. OMV/cmfeJT^tMOS^JI- 

- F©te&©fglSKr5«&£iff^#t>mfc 2 0 %*?S-C 10 
* 9 . ##S?J©:frS:t?§5B& 3 ftfc >; a >*fS A > n" 

[0 04 7] mMM9 

SrWliELfc. JSSWJiSagtt 1 . 2mm/m i nf, SS 
J^SPilKfc <£ ^M'^-^^i 7 * ©— smiSiVm 
Stl4J:9afl#±tf*fr. -Tttfet 1 2 0 O'CJSLfc© 
ig B B H SS^^o^^iPilS*5S«:« 1 . 0 "C/^feLh 

0 0 *C~ 1 2 0 0*CCDgSigS^l|S«C*s^T?fe*P3S*J 
1. 0-C/&&.T ttt2>mmifi&&L. 3 6&C1000 
■QKT*6 5 0 0 X^©tiffi&l£fB»Dftj^#]fiX 

as^ct i . o •c/ft&Ltcowmtc&z <fc ^ /3r^frr-> y 
[0 048] C ©^rit^s y 3 >ffif B ^ > 

=f » htt^oaoT?*s. &mm : (**n> f- 

7") . ft AS : 6 -Y >*Jg (16 0mm) . Sta^ : 2 
Q ■ cm. Ifigg : 10. 0-10. 5X1 0 17 atom 
s/cc (H*S^Z^g«e#K:J:-SM^ge^?gt 30 
tt«ffik»r|HB) , m&l&g. : < 1 . Ox 10" atoms 
/cc(S 2fc«^XI^Rffi# fc «fc * ISSRiftflBftfltfiMK 

[0 04 9] C©-f>3'9 F#>6^jy ffiL-fc'?*-^© 

£x ^©gtfbK*ffiLt:S&h.£«S&Sg&*U (iA/c 
m I ©B3(-C^{bM'.c#*£^mj?*5 8. OMV/c 
m«i*StMOS^*- F©fil&©te&ec£ti>£il 
£-(C*-FifcP) »t»rnfe5 0%£U:T , &<5. 36 
K¥^I«#*5 6. 0MV/cmJSrF£^3-MOS#V* 40 

- f©<is©*s»k: d^ssd-^a^-rnfe 2 0 %*nt§-c 

[0050] 1 0 

Hs^ZfmifpiCmLtcl 2 0 O'Cfrh 1 0 0 0'C©Jg 

m,umm *>-<, > -c»siss=£{st 3 # s fc«> ctstiE u tc 

SSSW^S2 6©T55rtc % ■tiKflH&fc-*4*6©*i 50 
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SrSiSL 1 2 0 0 *CJ!^©SflBUS«ia©>&aiau$*lS 

a>sfcjft{cn©M©^K^s 3 o £t£g l fc. mm& 
smtLxit. jM&«^*iii«*qw6-c. x-e©n§8ffi 

{BWiS2 o©±:#«: > ?it±if^s;s3n-5^©i o 
o ox:wT©*Sftfiffi««*5)aw?&sis*sfca)fcniw 

§3©<£±Pi£g4 0=Srl§:§Lfc„ ftipggiOTB, JM& 
«-^#JS«*5^«ir. *fc-*©*Mfl««>£IIME*:tf**> 

rSi£>6*"l'2>. 

[0051] c©^g^fflLrjyT©^ffr->ya> 

*(Sa**SEL/fc. ttftW*SaKtt 1 . 2mm/m i n 
t\ es?&iP3lJgte«J:CX3lg^<*->*JH8cf©— sim 

8TS?n5<t5^i#±tfM, -rat)* 1 2 oo-c 
j^©s«M««©ftJH&aauE36«flrR: 1 . 0 -c/«- 
tLh-csi < ^*psn. 1 0 0 0 *c~ 1 2 0 0 ^©itn© 
a«««:*j«,»'c?&siafl»j 1 . 0 v»«Ti * s«« 

^SL, 3 6fC 1 0 0 0 -CMTfrh 5 0 0 'CW±©?t 

fiiaaE«i*©<afi?&*aus**«K: 1 . 0 *c/#«±©® 

[0 05 2] C ©ft#TWj«S hfcf y ^fSH-f > 
3 9 MiywWi»JT*4. : pi f- 

y) . isaa: 6^>?m (l.eomm) . mxm-. 1 

OQ ■ cm, WM&X : 9 . 5 ~ 1 0 . 5X1 0 17 atom 
s/cc (B*«-^X«gMS^tcJ:^^?Sa^ti- 
«*ffllr>"C»ffl) . KffRg : < 1 . 0X1 0 1S atoms 

/ c c ( b *m^x^ii«ffi#K: j: s ^es^e^s: 

*flHr»-ClttB> i 

[0 05 3] C©-f>35-F*6ej0iliWc l i's-'M T ) 
K{bgaSEE*»IS L>, a 1 (C^ L- tc. Ctih <Dzs y n > 
«?*-^©KYbK=SraLT^tiSSSSlSg:*il wA/c 
m J ©BtCC^KfbMtC^S^SI?** 8 . OMV/c 
mHh«*tMOS y-f*- V~<DW&<Dmmc£tbZm 
(C*- Ftbm) BI/>-rnfe6 OS^JjUbT&iD, 3 6 
fc^*&S|St*S6. OMV/cmOT^tMOS^^ 
- F©{l^©^^c£&-5>f!l^uT r n«> 2 0%*S|-C 

[0 054] HJfeFa 1 1 
HifeMl 0©^g^fflt^-C. HTO^ttt->';3>fM 
aiSrWlSLTc. feSWfiSaKtt 1 . 3mi/mint 

*ts^i3is*j «fc vm&'* z - > * 5 h 8 * conwtvm 3 

*i4«fc^ tt5l*±lf*ft. -Tftfc^ 1 2 0 0 *CJW±©lt 
SSg^OMS^iPSg^JC 1 . 0 -c/^-«±-c2 
< ^3 *l. 1 0 0 0 °C~ 1 2 0 0 'CCteSSS^K 
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U. 3 6CC 1 0 0 0 WT*>6 5 0 0 *CJ£U:©fSAftg 

^©ssAtf&PiifitfsrK: i . o 'c/#«±<D®isfc:$, 

[0 055] C ©=sSy£rWf&£ fitcis a >i|M£A-f > 
=f? htt^cWifDT*^,, {S^M : p! (**n> F- 
^) . f£AS : 6-f>?ffl (160 mm) . mKm : 4 
Q • cm. ^&gg : 9. 5-10. 0X1 0 17 atoms 
/cc (B^^I»iS»©£K<fcSI§*igmSsim£<' 
*JBl»T*ffl) . aaRfttt : < 1 . 0X1 0" atoms / 

cc (,a*&*xMMmwi£;icj:*>m.m&mtmmLZ 10 

[0 056] C0^3" 5 hfre^OfflL/fc-^-^© 

^i-^CDMfcM^ilbTiStl-SmS^AH (iA/c 
m'CBSte^fbJKJC^jfoS^tSIIWS. OMV/c 
m£l±^-TMOS?-f* - F ©«&©>&&«: £«>53ll 
£(C*-Fit*) «^-rnfe6 0%feLhr-abf3 v 3 6 
fc^m^dS6. OMV/c mJMT*^VrMOS^^ 

- F<wiS!©i^»fc£*5fii^*s^-rtife 2 o %mmx 

W L T ^ £ C <t £m L r t> £. 
[0 0 5 7 ] USSW 1 2 

1 0 ©»B*ffil»r. y,T<D2kftX~> <) a 
AfcWJSl'fc. iSAWJi&iffi'J 1 . 2 mm/m i nT, 
Ai$S)i£g*j J: CftES^ * - 8 tp<D®MXfjk £ 
n-S«fc 5 £3IS±lfftfK Tttfofc 1 2 0 0 'CW±©*£ 

ftaMftotsa&siftK&ftK: 1 . o-c/^jy±f a 
< &£p$ ft. 1 0 0 0 -c~ 1 2 0 0 "cw&i&m&ffi&ic 
tAtxxmmattfii. o*c/»£iTitts««*»ffa 30 

L, §e>iC 1 0 0 0°CJSTF#>6 5 0 0 'CtLhOieJIiSg 
*WM>fcft#aJi8K***«: 1 • 0 "C/^«±©fiHtc* 
■Si 5 tt&ttTi' 'J 3 >ftt§A& tt& Lfc. 

[0 0 5 8] c ©s5s#-r-*j&£ nfc^ ■; a >smsa-y > 

a" •? h tt^©a <3 -C* G^S : nl ( V l> F - 
7') . tSAS: 6-f>5^B (1 6 0mm) 1 
OQ'Cm, KSSiftft : 7. 5~8. 5x 1 0 17 atoms 

/ c c ( b im-xmrnm^ k «t s KStiSKgyefHSc 

*fflJ,»T«taj) . ££3ijgg : < 1 . 0X1 0" atoms / 
cc (B^?03B^&^£*Rftft£g&tftft£ 40 

[0059] c©-f>3"^ i-a^gjottiLfctf*-^© 

WttUSSitKimM b > ill L/c„ Cti6 ©~> y a > 

^^-^©Mfca^jiL/rjsnsm^sa^i ma/c 

m 2 ©^«:K^[:M{<:^*>^^mw*5 8. 0MV/c 
m«Jb*5m40S y-f*- F©fift©*B8kfc£a£>Sff 
^ (c*- Kit*) wi>-rn* 6 O^JiLtf&r) , 3 6 
(c¥i£S#frW6. OMV/om£(T«:*tMOSW* 

- F©ffi»©*g$fc«: l 5«>.&gi£-:&H»-r*ifc 2 o%*?@r- 
&<5. ^9a©55rffi-c«gstifc^';3>*ea-f>=f so 



#P8^7-2 2 3 8 9 3 
16 

y l-*5«I9Hi?nfc'?iwMJ > ft#&tt<fc«»EE* 

[0 060] ttggff 1 
*H«Wrtt. H 1 K5*Lfc««*>iE>|gft5l*±fcfj!F 1 

rt-c i 2 o o~ i o o o^otsaaAfkttrte&attft 

ifil . 0 •C/4WJTF£ tti««*JBsM-*fc«>©«l£*( 
W®&2 0 eStfci/'J 3>JMSfl5l*±l««. r 
tt*>%«£*SS©f y =i >i|MSA3 litf^gSr&fll Oft. 
[0 06 1 ] C©£SS£ttfl3UT, £(T©^ffT^y 3 
l/fc. ttftlttiSaUJtt 1 • 2 mm/m i 

«MBt^3h*J:5ft5l*±lfftfr, 120 0 

x^<t>ts»a«*«a>ejHWjaE«*i«K:» 1 . o -c 

/»J£Lfc-Ctt< Go < O^SftifeftftlMMbWHE 

u i o o o *c~ i 2 o o 'c<om¥^am.m.m<o-m^in 
m&tfinic i . o -c/^«±©ffiH«:* «3 . s ^ tc i o 

0 0 'CJyT#>6 5 0 0 T&t±©*§Aft£^©il£A?#iP 

aK36s»K b i . o ■c/»JHJtc&«r» <fc ^ &*frT2" y 

[0 062] C ©^ff-fWfi£3 nfc~> y n >#MS-f > 
=ff h«^©M<3t?*4. : pf (#a> F— 

7') . IMS : 6-f>^ffl (1 6 0mm) . !6£t^ : 1 
0Q • cm. It^iSS : 9. 5~1 0. 5X1 O^atom 
s/cc (B^?:UH&tB£Kj:£iMH*K&tif- 
«*«lr»r«B) . IWSayt: <1. 0xi0 16 atoms 
/cc (B*S^3^^ffi^{C«fc^^Sifi®feS^ 

[0 06 3] -C©^>=f? h^^WOtBLfc^i-^© 

■5*-^©KftM*iiLrtifen5«S£«S*si nA/c 
m 2 ©B^{cgESYtJSK:*i*>5^l«|f 3&s 8 . 0 M V/ c ' 
mJK±*^TMOSy^*-F©ffl»<Oli8»«:i«>i« 
^ (C*-Fib^) Ii^fhfe4 0%*«r*i3. Wtit 

[0 0 6 4] ib$5«2 
t&SM 1 -cmiftJgB*^ l/T . «T©^#t?'> y 3 
>*ft»«rt8i0fc. ISAWAXft»l. 2 mm/m i 
nT?. ^A?*aijlS*Jj:i^aS^^->*S09*©IIS 

t?^$ns«fc^^?i#±if^fl=. -r^fc)^ i 2oo'c« 
±(o^ a s&m.mfom^&&&ifimca 1 . o °c/^- 

^±-C^t< 19>^> < »)»=aiShS|gaajS6Hl«36S»«EL. 

1 o o o *c- 1 2 o o •aD^usmmfom^&MSL 

&mc 1 . 0 "C/»fe(±©eHK:* 9 . ?6K1000 
■CKT*»6 5 0 0 •CJ&LhO^AftKffi^OfeA^aBIg 

k i . o 'c/#izi.±<Dmm-e & s «fc ^ aftfr-rs^ y 
3>ftigft*ir)«i/fc. 

[006 5] C ©^fr-CWs£3 titciy V a >^SAW > 
a"* H«c©ft9-C*i. : pI <*'n> F- 

7 ; ) . JSAS : 6-f>fffi(160 mm) , JSJn^ : 1 
0Q • cm, m*M&: 9. 5-10. 5X1 0"atotn 



(10) 

17 

s/c c ( B*«?XiH69ltt£«: «fc *B$8ft&*tf- 
fk*«lf»"CJWB) . K^ilS : < 1 . 0X1 0" atoms 
/cc (B*S^X^Rffi^K:J:5^igSJfefic^K 

[0 0 6 6] C©4>=f? h*»6^Jt)mUfc^x-^CD 

m i <Dmicwm<m<>c&frz>¥-i$nft&&. omv/ c 

£-(C*-Fit*) ttt»fhfc4 0%*a-cftf) 1 Mfb 10 
[0 0 6 7]tb®M3 

Lfc. ttAYJ&au&tt 1 . 2 mm/m i 
nt\ fell}^IjSg[*J«tU t jiS-'^->*sia9*cr>— * 
««-C^sn4J:5ft5lfif±lf*fr. 1 2 0 0" 

•c&.±<o^^smm<om^%&mm^' l c i . o -c/ 

#J£Lb©l6ffl-ei£< <£*P3 ft. 1 0 0 0 *C— 1 200'C 

®Mik&mm.moMM,#mm&ki¥;ic\. o-c/#j«± 

©®ffl«:$><9. 2<=>t-C 1 0 0 0"CijrF#>6 5 0 0 "CtLh 20 

©isjwiflHie«^ft»»^i*«K:tt i • o -c/#jy 

[0 0 6 8 ] CC^ffTSSStlfci/ 'J3>fgl^ > 

F «&©«?)•?**. fc^S : pI (^n> K- 
7') . situs : 6 ( 1 6 0 mm) . tSS» : 1 

0 Q • cm, ffiM§i& •■ 9. 5-10. 5X1 0 17 atom 
s /c c (B4^XliH£9IB£«:J:*SmitBE%J! r ?f- 
**fflt>-CJHH) . BaSMC : < 1 . OXlO-'atams 
/cc (B^?XflMf^KJ:&£*iftamfittfc 

&m^~cwto) „ 30 

[0 0 6 9] C©-f >=t? bftZty*) tlilstcV *-"<D 

9 x ->%©»fb«*au-csEti4ma£affi*s ua/c 
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18 . 

m ! ©B#(cK^{bBfC^S¥±Simi?^8. OMV/c 
mtLhlrStMO S #W F©fl&©i|g&«:.J5fc*«« 

[0 0 7 0] £k«W4 

Lfc. &affJ$3J£tt 1 . 2 mm/mi 
nf. feiln^paS*JJ:U f 2S>'^*->* j a9 t * 1 ©KS 

■c^sn-5«fc^^?i#±tf^. i 2 o o-cjw 

±©tt*Stt«*©ttJHtfW3aft**RK: l . o -C/#W 

±rs< n, iooo;c~i20o •ccfejiisffi 
«w«caig4H&aiaHSfeinc i . o'c/#tLt©eB«:£> 

•3 , 0 WF*>6 5 0 0 •CJsJiOrgAjilg 

^©isiB&aiaafestc i . ox/»£<i<D«iT* 
[0071] c ©*#-cT?j«snfct/ y a >*isft<r > 

3? hW^©il»)-C*4. : pI (<Kp>F- 

71 . Sb%S : 6-f>fffl (160 mm) , Jg£U£ : 1 
0Q • cm, ^^iSffi : 9. 5—1 0. 5X1 0 17 atom 

s/cc ( u^^-umms,^^ zmmismmm 
&*m^xwtu) , m.m&m. : < 1 . o x 1 o i6 at«ns 
/ c c ( b #ii^x jgjsw&^t «t 5 mzmm&nmk 

[0 07 2] C©-f>=f? hfr^OttJbfc^*-^© 
BWtMiflE*a!5£U *2fc5*Lfc. cn6©^'Jn> 
^x-^©MbiS«rai/-rdS5n-5S^Sie*sl yA/c 
m' ©^{c^fbJRfC^-S^^*^* 4 8 . 0 M V/c 
mtll^tMOS^^- F©ffl&©*B&K: 

^ (c*-FJt*> w:t>rnfc4 09<7t6»T*»). m<t 
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